The optimized molecular geometry, mulliken atomic charges, highest occupied molecular orbitals (HOMO) energy, lowest unoccupied molecular orbitals (LUMO) energy, polarizability and the first order hyperpolarizability of 3-fluoro-4-methylbenzonitrile has predicted with the help of quantum chemistry calculations by density functional theory (DFT) with B3LYP using 6-311++G(d,p) basis set. FTIR and FT-Raman spectra are investigated and compared with the observed data. Observed HOMO-LUMO energy gap offers the evidence for the presence of intermolecular interactions in the compound. First order hyperpolarizability calculated by quantum calculations infers that the title compound was an efficient tool for future applications in the field of non-linear optics. Natural bond orbitals and the thermodynamical properties were also studied by DFT.
INTROdUCTION
Benzonitrile is an aromatic organic compound. Derivatives of benzonitrile find application in industries and medical field (M. Alcolea Palafox, 2003) . Benzonitrile compounds are used as preservatives for food products. They are used for making aniline blue a dye. In medical field many benzonitrile derivatives in solid form are used as urinary antiseptic and vapour form are used for disinfecting bronchial tubes (Hermann Imgartinger, 2000) . Since the derivatives of benzonitrile have wide applications,many studies are reported on such compounds. First order hyperpolarizability and HOMO-LUMO energy are the most important tools to predict the NLO activity of a compound. Quantum chemistry calculations provides the entire information about the structural, vibrational, electronic, optical, thermodynamic and other related properties of a molecule (David Pegu, 2013) . Hence the present analysis was carried out to study the molecular properties of 3-fluoro-4-methylbenzonitrile and to elucidate useful information about the molecule.
EXPERIMENTAL
The compound 3-Fluoro-4-methyl benzonitrile (3F4MBN) was purchased from sigma-Aldrich Chemical Company, USA with a purity of not less than 99% and used as such for experimental studies. FT-Raman spectra of 3F4MBN was inscribed using 1064 nm line of Nd:YAG laser as the exciting wavelength in range 50-3500 cm -1 on a EZRaman, Enwaveoptronics, USA IFS 66 V spectrometer. Fourier transform infrared (FTIR) spectra was inscribed using 8400S Bruker, AlphaT,Germany infrared spectrophotometer using KBr pellet technique in the range 4000-400 cm -1 . The spectra has been inscribed at normal temperature with a scanning speed 30 cm -1 min-1.
Computational
All calculations has been met with Gaussian 09 program package [M.J. Frisch, 2009 ] with the aid of DFT with B3LYP using 6-311++G(d,p) basis set and results were viewed using GAUSS VIEW program. HOMO and LUMO energy was obtained from time dependent density functional theory. NBO analysis has been executed using same basis set to study molecular interaction between filled and vacant orbitals. Polarizability and hyperpolarizability were also calculated. 
RESULTS ANd dISCUSSION geometric Structure
The optimized geometrical structure of 3-fluoro-4-methylbenzonitrile is shown in Fig. 1 . The optimized bond length, bond angle and dihedral angle are calculated using B3LYP 6-311++G(d,p) basis set. The geometrical parameters calculated are shown in Table 1 . These parameters can be utilized to elucidate other parameters of the compound under investigation.
C-C vibrations
Ring C-C stretchingvibration appears in a range 1650-1400 cm -1 (N. Sundaraganasan, 2009 
CH 3 group vibrations:
The title compound has only one substituted methyl (CH 3 ) group in the fourth position of the benzene ring. A methyl group is associated with nine fundamental mode of vibrations namely, the symmetric stretching mode (CH 3 sym. stretch), asymmetric stretching mode (CH 3 asym. stretch), in-plane hydrogen stretching mode, the symmetric deformation mode(CH 3 sym. deform), asymmetric deformation mode(CH 3 asy. deform), the in-plane rocking mode (CH 3 ipr), out-of-plane rocking mode (CH 3 opr) and twisting (tCH 3 ) mode. Substituted methyl groups in the aromatic ring systems are typically specified as electron donating groups (D. Lin-Vein, 1991).
Generally CH 3 vibration appear in a range (2900-3000 cm -1 ) (M. Murugan, 2012) . Peak at 3000 cm -1 and at 2986 cm -1 in the FTIR spectrum and FT-Raman Spectra are ascribed to CH 3 symmetrical stretching mode vibration which are in accordance with the calculated value 3035 cm -1 . The peak at 1499 cm -1 in the FTIR spectrum corresponds to CH3 in plane bending modes which is in accordance with the calculated value 1492 cm -1 . The peak at 1069 cm -1 in the FTIR spectra harmonize to CH 3 in rocking mode vibration which is in accordance with the calculated value 1060 cm -1 .
Fig.1.Optimized geometry of 3-fluoro-4-methyl benzonitrile

Vibrational Analysis
The investigated compound has 16 atoms and so it possess 42 normal modes of vibrations. Vibrational frequencies calculated and observed are shown in Table 2 .
C-H vibrations
C-H stretching vibrations in aromatic compounds appear in the range 3100-3000 cm -1 (M. Silverstein, 1989) . In this study the peak at 3078 cm -1 and 3068 cm-1 in the FTIR spectrum and FT-Raman Spectra respectively are ascribed to C-H stretching vibrations. The corresponding calculated values are 3086 cm -1 and 3060 cm -1 which are in accordance with the observed values. For substituted benzenes, the three in-plane C-H vibrations appear in a range 1300-1000 cm -1 and three out-of-plane bending vibrations appear in a range 1000-750 cm υ-stretching; υ sym -symmetrical stretching; υ asy -asymmetrical stretching; β-in plane bending; γ-out-of-plane bending; ω-wagging; t-twisting; δ-scissoring; τ-torsion; ρ-rocking; *-wilson's notion; IR int-IR intensities.
Mulliken atomic Charges
The scope of bonding of a molecule depend on the number of unpaired electrons in the atoms and hence the atomic charges has been retrieved by Mulliken population assay (A. A. Popov, 2004 ). Mulliken atomic Charges calculation plays an important part in applying quantum chemistry calculation to molecular systems because atomic charge affects dipole moments, polarizability, electronic structures and other properties of molecular systems (R. S. Mulliken, 1985) . Mulliken charges obtained using B3LYP 6-311++G (d,p) are shown in Table 3 . Mulliken atomic charges graph is shown in Fig.2 . All hydrogen atoms exhibits positive charge, nitrogen and fluorine atom exhibit negative charge. This suggests the creation of intermolecular interaction in solid forms (Isa Sidir, 2010) . From the charge calculation it is clear that nitrogen atom having negative charge acts as donor atom and the ring hydrogen atom having positive charge acts as acceptor atoms. 
Polarizability and Hyperpolarizability
The reaction of systems in applied electric fields has been explained by its Polarizability and hyperpolarizability. The non linear optical property of a compound can be studied using these parameters. The investigated first order hyperpolarizability of investigated compound is 2.768x10 -30 esu which is 9 times urea (0.2991x10 -30 esu) a standard NLO material (Li Xiao-Hong, 2011). Calculated dipole moment, polarizability and hyperpolarizability are given in Table 4 .
HOMO LUMO analysis
HOMO stands for highest occupied molecular orbital which represents the ability of a molecule to donate an electron and LUMO stands for lowest unoccupied molecular orbital which represents the ability of a molecule to accept an electron. HOMO and LUMO are the major orbitals that take part in the chemical stability of the molecule (J. A. Alanso, 2004) . The calculated HOMO LUMO gap using B3LYP 6-311++G(d,p) is 5.61eV. The HOMO LUMO energy gap explain that the title compound is experiencing charge transfer interactions and it reflects its NLO property (Basak Kosar, 2011) . The calculated energy values are shown in Table 5 .
Thermodynamic parameters
Several thermodynamical parameters has been calculated and are listed in Table 6 . Scale factors were recommended (Zeynep Demircioglu, 2014) for calculating zero point vibrational energy and entropy accurately. Changes in total energy and entropy at normal temperature are presented in Table. 6. These changes seems to be insignificant. Non linear optical activity NLO activity give key function for properties like the frequency shifting, optical modulation, optical swaping, optical logic for the extending technology in the field of communications, signal processings and optical inter-connections (Mauricio Alcolea Palafox, 2000) . Molecules that exhibit asymmetric polarization which is induced because of electron donars and acceptors in the pi-electron conjugatedsystems are efficient materials for electro-optics and NLO applications (I. Khan, 2013) . In order to find the non linear activity of the material, first order hyperpolarizability of the investigated compound was calculated and compared with urea, a standard NLO material. It was found that the first order hyperpolarizability of our investigated compound is 9 times than urea. Hence we propose that the investigated compound under study is an efficient material for future NLO applications.
CONCLUSION
Detailed investigation of the structural and electronic property of the compound under study has been performed by DFT using suitable basis set. Calculated first order hyperpolarizability and HOMO-LUMO energy gap confirmed the NLO proper ty of the compound. First order hyperpolarizability calculated for the compound is 9 times greater than urea. Hence the compound under study is an efficient material for future NLO applications. Mulliken atomic charge calculation suggests that there is charge transfer from N, F to H.
